P
roliferative retinopathy is a severe microvascular complication in patients with type 1 diabetes. After 20 years of diabetes, almost all patients with type 1 diabetes and 58% of patients with type 2 diabetes show signs of retinopathy. When retinopathy worsens, severe visual loss eventually threatens 5-10% of the patients (1) . The most severe form of retinopathy is proliferative retinopathy, and most of the patients with this complication will become blind after 5-10 years without treatment (2) . The prevalence of proliferative retinopathy varies between 13 and 50% after 15-25 years of diabetes in patients who need insulin (3, 4) .
Several risk factors for diabetic retinopathy have already been identified. The prevalence of any retinopathy is strongly related to duration of diabetes and glycemic control (1, 4) . Poor glycemic control increases both the incidence and the progression of retinopathy (5) . Male sex and high blood pressure further increase the risk of retinopathy (3) . Genetic factors are also likely to play a major role (6) . It is of note that the age at onset of diabetes may modify the metabolic phenotype of the patients and thus predispose certain patients to diabetic retinopathy. In particular, diabetes onset at age Ͻ5 years may have a protective effect on the development of retinopathy (7, 8) . Thus, it can be hypothesized that because the incidence of type 1 diabetes is on the rise and the increase has been greatest in children aged 0 -4 years (9) , there may possibly be a decrease in the overall risk of retinopathy. The studies so far have not focused on the onset of type 1 diabetes in adulthood, and therefore the number of patients with late-onset diabetes has been rather small and not large enough to study the effect of late age at onset on the risk of proliferative retinopathy. Furthermore, it
is not yet known whether young age at onset is a protective factor in the long term or whether it only delays the onset of proliferative retinopathy. Therefore, the aim of this study was to elucidate how the age at onset of type 1 diabetes influences the long-term risk of proliferative retinopathy in patients with type 1 diabetes.
RESEARCH DESIGN AND
METHODS -The present study is a retrospective cohort study, undertaken as part of the ongoing FinnDiane Study (Finnish Diabetic Nephropathy Study), which has since 1997 collected comprehensive data from patients with type 1 diabetes at 92 centers throughout Finland, including primary care as well as secondary and tertiary care hospitals with the aim of identifying genetic and environmental risk factors for diabetes complications. All adult patients with type 1 diabetes at these centers have been invited to participate in the FinnDiane Study, and 78% have responded positively (10) . The recruitment strategy is random because the only inclusion criterion is type 1 diabetes, and every patient at the recruiting centers has been invited. The FinnDiane Study has to date recruited 4,800 patients with type 1 diabetes, and although it is not by strict definition a populationbased study, the distribution of the patients closely follows the distribution of the general population in Finland. Thus, there is no bias in the sampling procedure regarding the geographic location or selection of patients in the recruiting centers. The protocol is in accordance with the Declaration of Helsinki and was approved by the ethics committee of the Helsinki University Central Hospital.
Inclusion of patients in the present study was based on the ascending order of the FinnDiane patient identification numbers. Thus, the consecutively recruited patients from the very beginning of the FinnDiane Study were the first to be included in this study. This approach has two advantages. First the sampling frame should be as random as possible with regard to ophthalmic status and the treatment of diabetes and its complications. Second, these patients had the longest duration of type 1 diabetes because they were the first ones to participate in the FinnDiane study.
We obtained fundus photographs and/or records of fundus examinations performed by a specialist in ophthalmology for 1,117 consecutively recruited patients. These patients were required to have onset of diabetes at the age of Յ40 years, C-peptide Յ0.3 nmol/l (11), and insulin treatment initiated within 1 year of diagnosis. For 972 of 1,117 (87%) patients, C-peptide concentrations were Ͻ0.033 nmol/l, which represents the detection limit of the assay (Human CPeptide RIA Kit, Linco Research., St. Charles, MO). Records of fundus examinations by a specialist in ophthalmology were available for 917 of 1,117 (82%) patients, and fundus photographs were available for 851 of 1,117 (76%) patients. The patients who had fundus photographs available (n ϭ 851) had been photographed a total of 2,792 times, on a median of 3 (interquartile range [IQR] 1-5) times per patient. Both records and photographs were available for 651 of 1,117 (58%) patients. All available data were used to score the severity and progression of retinopathy, a procedure handled by an ophthalmologist (K.H.) unaware of the demographic data and the presence or absence of other complications. The Early Treatment of Diabetic Retinopathy Study (ETDRS)-grading scale was used, for which 10 represents no retinopathy, Ն61 represents proliferative retinopathy, and 81-85 represents advanced retinopathy (12) . The eye with the more severe retinopathy was used to represent the overall retinopathy severity for a particular patient. In this study laser treatment alone was not taken as evidence of proliferative retinopathy because severe nonproliferative retinopathy is also an indication for scatter laser photocoagulation.
Data on medication, cardiovascular status, diabetes complications, hypertension, and cardiovascular disease were obtained using a standardized questionnaire, which was completed by the patient's attending physician. Blood pressure was measured twice in the sitting position using a mercury sphygmomanometer after a rest of at least 10 min. Mean arterial blood pressure was calculated according to the formula: mean arterial pressure ϭ diastolic blood pressure ϩ 1 ⁄3 (systolic blood pressure Ϫ diastolic blood pressure). Anthropometric data, such as height and weight were recorded, and blood was drawn for the laboratory measurements, including A1C. Data on allcause mortality were obtained from a national registry maintained by the Population Register Centre of Finland.
Statistical analysis
Data are presented as means (95% CI) for continuous, normally distributed variables and medians (IQR) for nonnormally distributed variables. SEs are given for mean differences. Kaplan-Meier survival analysis was used to estimate time without proliferative retinopathy and a Mantel-Cox log-rank test was used to compare survival distributions among different age-at-onset groups. The risk of proliferative retinopathy within the age-at-onset groups was estimated with a Cox proportional hazards model, controlling for clinically significant covariates. One-way ANOVA, adjusted for multiple comparisons (Sidak), was used to compare the mean differences of these groups. Proportions were compared with a KruskalWallis test. A previously published macro for SAS statistical software (SAS, Cary, NC) was used to compute the cumulative incidence of proliferative retinopathy and cumulative mortality before the development of proliferative retinopathy accounting for competing events (13) . All other statistical calculations were performed with SPSS 15.0 (SPSS, Chicago, IL, USA). Tables 1 and 2 show the clinical characteristics of the patients studied. The male-to-female ratio was 596:521. Mean age at onset of type 1 diabetes was 13.7 (95% CI 13.1-14.1) years and the mean duration of diabetes was 25.0 (24.4 -25.7) years (Table 1) . Proliferative retinopathy was found in 367 of 1,117 (33%) patients. The highest proportion of patients with proliferative retinopathy was found in age-at-onset group 0 -4 years (47.0% [95% CI 39.5-54.6]), the second highest in age-at-onset group 5-14 years (38.8% [34.7.5-42.9]), and the lowest in age-at-onset group 15-40 years (18.9% [15.0 -22.7] ) ( Table 2) . Ophthalmic follow-up data were available for a median of 10.8 (IQR 5.9 -17.4) Table 2 ). The mean Ϯ SE difference in the duration of diabetes to proliferative retinopathy between age-atonset groups 0 -4 and 5-14 years was statistically significant (4.2 Ϯ 0.9 years, P Ͻ 0.001). However, the mean difference between the other two groups did not reach statistical significance. The youngest ageat-onset group had the longest duration of diabetes (31.12 [95% CI 29.5-32.7] years), highest A1C (8.8 [8.5-9 .0]%), and the highest proportion of patients with Cpeptide below the detection limit (96. When age-at-onset group 0 -4 years was compared with the age-at-onset group with the highest risk (5-14 years), the long-term risk of proliferative retinopathy, adjusted for the above-mentioned covariates, showed no difference (0.85 [0.65-1.10], P ϭ 0.2). The worst prognosis seems to be in age-at-onset group 5-9 years. However, if compared with age at onset 10 -14 years, this difference did not reach statistical significance (1.29 [0.98 -1.70], P ϭ 0.07). Because the patients in groups 5-9 and 10 -14 years did not have a significantly different risk, they are presented as a combined age-at-onset group 5-14 years in this study.
RESULTS -
The Kaplan-Meier survival analysis stratified by various age-at-onset groups illustrates the progression to proliferative retinopathy (Fig. 1 ). Median times without proliferative retinopathy were 28.9 (24.6 -33.2), 29.2 (26.1-32.2), and 37.8 (32.3-43.4) years in age-at-onset groups 0 -4 years, 5-14 years, and 15-40 years, respectively (P Ͻ 0.001, Mantel-Cox logrank test) (Fig. 1) . Despite the initial delay in the progression to proliferative retinopathy in the youngest age-at-onset group, the long-term risk between age-at-onset groups 0 -4 and 5-14 years was no different (P ϭ 0.224, Mantel-Cox log-rank test) (Fig. 1) . However, there was a significant difference when the patients were split into two groups according to age at onset before or after 15 years of age (P Ͻ 0.001, Mantel-Cox log-rank test). Median times without proliferative retinopathy were 28.9 (95% CI 26.4 -31.4) years for the patients with age at onset before 15 years and 37.8 (95% CI 32.3-43.4) years for the patients with age at onset after 15 Age-at-onset group 0 -4 years, n ϭ 164; age-at-onset group 5-14 years, n ϭ 537; age-at-onset group 15-40 years, n ϭ 400. Table 2 
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Data are means (95% CI) unless indicated otherwise. One-way ANOVA, adjusted for multiple comparisons (Sidak). Differences in proportions were compared with the Kruskal-Wallis test. *, ¶Significant difference (P Ͻ 0.05) between two groups. *Significant difference between all three groups (P Ͻ 0.05). MAP, mean arterial pressure; PDR, proliferative diabetic retinopathy.
years. The risk of proliferative retinopathy was significantly higher in those patients with age at onset before 15 years versus after 15 years, when adjusted for the above-mentioned covariates (HR 1.82 [95% CI 1.40 -2.36], P Ͻ 0.001).
A total of 99 of the 1,117 patients (8.9%) had died during the follow-up. Of these 75 of 99 (75.8%) had proliferative retinopathy ( Table 1 ). The remaining 24 of 99 (24.2%) patients did not have proliferative retinopathy.
CONCLUSIONS -This study shows that the patients with the youngest age at onset (0 -4 years) have the longest mean duration of type 1 diabetes without proliferative retinopathy (24.3 [95% CI 22.7-25.9] years). This observation is in line with earlier findings regarding diabetic retinopathy and nephropathy (7, 8, 14) . However, the long-term risk of proliferative retinopathy is no different between age-at-onset groups 0 -4 and 5-14 years despite the initial advantage for those with earlier onset of diabetes. Ultimately, the survival curves for these two groups cross each other when the duration of diabetes approaches 30 years. The survival curve for those patients with age at onset of type 1 diabetes at 15-40 years appears to be consistently better than that for patients with younger age of onset.
Good self-care of diabetes correlates with good metabolic control (15) . It can be hypothesized that it may be easier to learn good self-care skills at a very young age compared with the prepubertal period (14) . Learning good self-care skills may take a longer time in prepubertal children compared with young children, which would explain the delayed onset of proliferative retinopathy in the youngest patients. In addition to behavioral factors, hormonal changes in puberty may contribute to worse metabolic control (16) . Furthermore, the initial advantage for the younger patients may be due to more stringent management of type 1 diabetes, because this has been shown to reduce the decline in insulin production (17) .
Diabetes onset at puberty has been linked to a less aggressive form of type 1 diabetes (18) , and it has also been observed that ␤-cells are better preserved when type 1 diabetes begins in the adulthood (19) . We observed a longer time without proliferative retinopathy as well as a lower risk of proliferative retinopathy for age-at-onset group 15-40 years. This finding could be explained by preservation of ␤-cells as these patients also had the highest C-peptide concentrations.
The Diabetes Control and Complications Trial data indicated that patients with any residual C-peptide secretion, but especially those with the highest stimulated concentrations, had a reduced incidence of retinopathy and nephropathy (20) . The role of C-peptide has been somewhat controversial, because it has not been linked to retinopathy in other studies (3). In our study those patients with a higher Cpeptide concentration had less proliferative retinopathy, later age at onset, and lower A1C (Tables 1 and 2 ). The association of age at onset with the risk of diabetic retinopathy may not be limited to type 1 diabetes. It has recently been noted that a higher age at onset of diabetes reduces the risk of retinopathy in type 2 diabetic patients as well (21) .
An advantage of our study is that the timing of onset of proliferative retinopathy is robust, because it was based on several examinations and/or serial fundus photographs. Only in 19 of 367 (5.2%) patients was proliferative retinopathy discovered at their first fundus examination by an ophthalmologist. Thus, there were no available reference points for these patients before they had developed proliferative retinopathy. Because these 19 patients comprise only 5.2% of all the patients with proliferative retinopathy, the possible inaccuracy introduced by these patients was judged to be negligible, and they were kept in the study. Importantly, this decision also kept the original random sampling frame intact. All of the other patients (n ϭ 348) had had at least one ophthalmic examination on a median of 0.7 (0.3-1.8) years before the diagnosis. In addition, records of treatment and follow-up were available for nearly all (364 of 367) patients with proliferative retinopathy. Retinal photography has been reported to be the most sensitive screening method for diabetic retinopathy. The sensitivity is in excess of 80% in detecting proliferative retinopathy (22) . Ophthalmoscopy has less sensitivity but conversely a higher specificity. It provides good results in the hands of trained professionals such as ophthalmologists and diabetologists, especially when used in repeated examinations (22) . In Finland, the national guidelines for the screening of diabetic retinopathy were published already in 1992 and updated in 2006, along the European guidelines, which emphasize fundus photography as the preferable screening method (23) . As a result, fundus photographs were available for as many as 851 of 1,117 (76%) patients. The generalizability of the present results may be limited by the fact that the FinnDiane Study is not by strict definition a population-based study. In any case, a possible selection bias is unlikely because the geographic distribution of the FinnDiane patients closely follows the distribution of the general population, and the patient recruitment at the participating centers can be considered random. Furthermore, the diagnosis and treatment of diabetes and its complications are fairly uniform across Finland. There has been only one population-based study on the prevalence of proliferative retinopathy among patients with type 1 diabetes in Finland in a sample of 1,067 patients, and the results are comparable to ours (24) . Another potentially important issue is the competing risk of death. Accounting for the cumulative mortality by using a previously published SAS macro (13) did not change the outcome of either KaplanMeier or Cox regression analysis. Interestingly, 75 of 99 patients who had died during the follow-up had developed proliferative retinopathy. The ultimate longterm risk of proliferative retinopathy appears therefore to be roughly 75% for the FinnDiane study population. Finally, there may also be a confounding cohort effect in the present study, because the oldest patients may have a worse prognosis than the younger ones attributable to improvements in medical care of diabetes (25) . However, we tested the data for such a cohort effect in two ways. The first way was to use the year of onset of diabetes as a continuous variable in the Cox regression model. The other was to use the decade of onset of diabetes as a categorical variable. Both of these variables were statistically nonsignificant.
In summary, our study shows a longer time free of proliferative retinopathy in the youngest patients. It appears that this initial advantage gradually wears off in the long term. In contrast, those patients with age at onset of type 1 diabetes between 15 and 40 years may have a consistently better prognosis than any patient group with age at onset Ͻ15 years.
